Introduction
Since, the pioneer work done by Latham (1966) (2002)). In particular, it incorporates the transport of urine from kidney to bladder, development of chyme in the gastrointestinal tract, transport of spermatozoa in the conduits efferent of the male contraceptive tract, development of ovum in the female fallopian tube, vaso-movement of little veins, bile from gallbladder into the duodenum, the fetus transport in non-pregnant uterus. Improper peristalsis is the source of neurotic transport of microscopic organisms, thrombus improvement of blood and sterility in human uterus (Hariharan et al., (2008) ).
Peristaltic component likewise finds numerous applications in bio-restorative frameworks including roller and finger pumps, heart-lung machine, blood pump machine and dialysis machine.
Different examiners have concentrated on peristaltic flow problems in diverse geometries amid the most recent five years. Hayat et al., (2008b) have concentrated on the peristaltic pumping of a Maxwell fluid in an asymmetric channel utilizing perturbation method. The impact of the magnetic field on trapping through peristaltic movement for the generalized Newtonian liquid in a channel has been inspected by (Hakeem et al., (2006) ). Mishra and Ramachandra (2003) have examined the stream in a asymmetric channel created by peristaltic waves engendering on the dividers with diverse hauls and stages. Srinivas and Kothandapani (2009) The pertinent constraints have been noticed pictorially.
Mathematical Formulation
Consider the flow of an incompressible, electrically conducting micropolar fluid in an inclined channel in presence of an inclined magnetic field and rotation. The fluid fills a two-dimensional channel of non-uniform thickness. Sinusoidal waves of constant speed (c) propagate along the channel boundaries. The plates of the channel are assumed to be electrically insulated. We choose a rectangular coordinate system for the channel with x along centerline in the direction of wave propagation and y transverse to it.
The geometry of the channel walls(as shown in Figure 3 .1) is given by Where a is the half width of the channel, b is the amplitude, λ is the wavelength, c is the wave speed and t ′ is the time.
The flow is unsteady in the laboratory frame ( X ′ , Y ′ ) whereas it is steady if observed in the coordinate system ( x ′ , y ′ ), termed as a wave frame, moving with velocity c. The transformation from the fixed frame of reference ( X ′ , Y ′ ) to the wave frame of reference
In absence of body forces and body couple, the governing equations for the flow in wave frame of reference are given by
where u ′ and v ′ are the velocity components in the x ′ and y ′ directions, respectively, ρ is the density of the fluid, p ′ is the pressure, µ is the viscosity constant of the classical fluid dynamics, σ is the electrical conductivity, B 0 is the strength of the magnetic field, g is acceleration due to gravity, Θ is inclination angle of the magnetic field parameter, α is inclination angle of the channel, w ′ is the microrotation velocity component in the direction normal to both the x ′ and y ′ axes, j ′ is the micro-inertia density, k is the microrotation parameter and γ is the spin-gradient viscosity coefficient (Khonsari and Brewe (1994) , Abd-Alla et al., (2013)).
Now we introduce the non-dimensional variables and parameters as follows
where ( M ) is the Magnetic field parameter, ( R e ) is the Reynolds number, ( F r ) is the Froude number and ( δ ) is the wave number.
Using the non-dimensional variables and parameters given above in equations (3.4), (3.5) and (3.6), we get the modified equations as
Using the long wavelength approximation and neglecting the wave number along with low Reynolds number, one can find from equations (3.8), (3.9) and (3.10) that
and
is the coupling number, (0 ≤ N ≤ 1) and
is the micropolar parameter.
Rate of volume flow and boundary conditions
The instantaneous volume flow rate in the fixed frame is given as
where H is a function of X ′ and t ′ .
The rate of volume flow in the wave frame can be expressed as
where H is a function of x ′ alone. equations (3.2), (3.14) and (3.15) yield
The time averaged mean flow rate over a period T at a fixed position X ′ is expressed as
Using equation (3.16) into equation (3.17), we get
The dimensionless mean flow rates Q (in the laboratory frame) and θ (in the wave frame)
are defined as
By using equation (3.19) in equation (3.18), we get
where
The dimensionless boundary conditions in the wave frame of reference are given as
w(x, y) = 0 f or y = ±h(x) (3.23)
Solution of the problem
From equation (3.12) it is clear that p is independent of y. Therefore ∂p ∂x = dp dx .
Differentiating equation (3.13) with respect to y, we get
Upon making use of equation (3.24) in equation (3.11) we get
∂w ∂y
Using value of u from equation (3.25) in equation (3.13), we get
whose general solution is
Where
Substituting equation (3.27) into equation (3.25), we get
The expressions for axial and spin velocities can be found by applying the boundary conditions from equations (3.22) and (3.23) into equation (3.27) and equation (3.30). The expression for axial velocity is given as
and the expression for spin velocity is given as
The stream function (ψ) is given by
Using equation (3.35) in equation (3.33), we get
The expression for dimensionless flow rate in the wave frame of reference is obtained by substituting equation (3.33) into equation (3.21), and is given as
From equation (3.39) and equation (3.20), we obtain dp dx
The expressions for pressure rise ( ∆p ) and the frictional force ( F ) over one wavelength are given by
Numerical results and Discussion
In From Figure 3 .4(a-b) it is observed that the pressure rise per wavelength decreases with increasing rotation and Froude number. In Figure 3 .4(c-d), it is clear that with increase in the coupling number and magnetic field parameter the pumping rate increases up to a critical value of ( Q ) and decreases after a critical value of ( Q ) in the retrograde pumping region while it decreases in the peristaltic, free and co-pumping regions. 
Conclusions
This chapter discusses the rotation and inclined magnetic field effects on the peristaltic flow of a micropolar fluid in an inclined channel. The main findings can be summarized below:
• The velocity profile increases in view of an increase in ( m ), ( R e ), ( Θ ) and ( α ) but decreases with increasing ( Ω ), ( M ), ( N ) and ( F r ).
• Pressure gradient increases by increasing ( m ) and ( Θ ) in the wider part of the channel while in the narrow part of the channel there is no appreciable difference.
• The pumping rate increases by increasing the inclination angle of the channel.
• The magnetic field improves the pumping rate.
• ∆p increases entirely with an increase in the inclination angle of the channel ( α ) and Reynolds number ( R e ), while rotation ( Ω ) and Froude number have opposite behavior on pressure rise when compared with ( α ) and ( R e ).
• The effects of ( M ) and ( Θ ) on the pressure rise are qualitatively opposite .
• The frictional forces have an opposite behavior as compared to pressure rise.
• The qualitative effects of ( M ), ( N ), and ( F r ) on the spin velocity are similar.
• The stream function decreases with increasing ( Ω ), ( M ), and ( N ) while it increases with increasing ( m ), ( α ) and ( Θ ).
